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Supplementary Note

Clinical data

All patients in the discovery (DC) and CHOP replication (RC1) cohorts were diagnosed prior to
their 19" birthday and fulfilled standard IBD diagnostic criteria. Cohort characteristics are shown
in Supplementary Table 1. Family history of IBD was obtained with focus on first degree
relatives. A patient was considered to be of Jewish heritage when at least 2 grandparents were
known to be Jewish. Phenotypic characterization was based on a modification of the Montreal
classification such that the definitions of L1 & L3 were both extended to include disease within
the small bowel proximal to the terminal ileum and distal to the ligament of Treitz. Disease above
the ligament of Treitz was recorded separately; perianal disease included only those patients with
perianal abscess and/or fistula. “Isolated Colonic IBD” included all patients with disease limited
to the colon (724 with UC, 53 with IBD-U, and 402 with Colonic CD). A sub-group of IBD
patients employed in this study (1,011 patients, including 647 CD and 317 UC and 47
inflammatory bowel disease type unclassified (IBD-U)), were utilized in a previous IBD GWA
analysis reporting on two novel IBD loci on chromosome 20q13 and 21q22'; however, only novel
and non-overlapping loci are being described in this manuscript (Supplementary Table 2).

The control group was recruited by CHOP clinicians, nursing and medical assistant staff within
the CHOP Health Care Network, which includes primary care clinics and outpatient practices.
The control subjects did not have IBD or evidence of chronic disease based on self-reported
intake questionnaire or clinician-based assessment. The Research Ethics Board of the respective
Hospitals and other participating centers approved the study, and written informed consent was
obtained from all subjects (or their legal guardians). Details of the ascertainment and
characterization of the [IBDGC cohort (RC-CD2)were provided in the original scan and

replication publications™®

Supplementary Results

We observed several additional loci at suggestive levels of significance (P <1x107)
in our discovery scans of CD, UC, and IBD. The 15922 locus, located near the SMAD3
gene, nominally associated with IBD in the CHOP-based replication cohort, but failed to
attain genome-wide significance in the discovery + replication meta analysis

(Supplementary Table 3).
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15q22 attained suggestive level of significance (P<1 x 10"®) in our combined IBD
scan. SNP rs16950687 (P=6.67 x 107, OR = 1.20 [1.12-1.29]) on 15q22 lies in an LD
block containing the genes SMAD3, a TGFf activated transcriptional modulator, and
IQCH, a protein thought to have a regulatory role in spermatogenesis. rs16950687
nominally replicates in replication cohort RC1 (P=0.019, OR =1.21 [1.03-1.41]) but
fails to replicate in the IBDGC cohort (RC2-CD). rs16950687 also shows nominal
association with CD in the majority adult onset meta analysis dataset (P=0.0287, OR =
1.10) (Supplementary Table 4)*.

Our CD analysis showed an additional novel locus in a gene rich region of1q22
(Supplementary Table 3). rs3180018 shows suggestive association in DC-CD
(P=7.76 x 10'7, OR =1.25 (1.14-1.36) but does not replicate in RC1-CD or RC2-CD. It
however shows significance in the previously published majority adult-onset CD meta
analysis (P=0.02, Z = 2.32) (Supplementary Table 4), and thus may merit further
followup as a CD risk variant’.

Our UC analysis revealed three additional novel loci (18q12.2, 16g21, 10g25.3)
demonstrating suggestive levels of significance (P < 1 x 10°), however none of these
successfully replicated in their respective replication cohorts (Supplementary Table 3).
Given the small size of the RC1-UC dataset (120 UC cases, 1696 controls), further efforts
to replicate the UC loci with better powered cohorts are warranted.

Finally, we observed significance at early onset loci near 20q13 (near TNFRSF6B)
and 21g22 (near BWRD1 and PSMG1) previously identified in a genome wide scan of a
subset of the cohort used in this study'. Our current dataset further supported these
associations: rs2315008 on 20q13 showed robust association with CD in the DC-CD,
RC1-CD, RC2-CD meta analysis (P =3.50 x 10, Z =-5.91) and genome wide
significance in the combined IBD meta analysis (DC-CD + RC1-IBD, RC2-CD) (P=4.67
x 10" Z =-6.58). 152315008 showed less significant association in the UC-only (DC-
UC, RC1-UC) meta analysis (P = 1.05 x 10, Z=-3.88). rs2836878 on 21q22 showed
the most striking association with UC (P=2.65 x 10”, Z = -5.95) and nominal
significance in the combined IBD meta analysis (P= 1.21 x 10, Z =-4.85). These
results suggest that 20q13 may be a more CD specific locus while 21q22 is a more UC

specific marker.
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TABLES
Supplementary Table 1

Study recruitment, subsequent inclusion, and ultimate demographic and phenotypic characteristics

of Caucasian (European ancestry) subjects with matched controls in the discovery cohort DC-IBD
(n=2413)

(a) General demographic characteristics of cohorts employed in our study cohort DC-IBD

IBD CD UC IBD-U
Recruited 3370 2304 993 73
Caucasian + meeting QC criteria 2784 1887 835 62
Final Discovery Cohort 2413 1636 724 53
Male 1273 (52.7%) 927 (56.6%) 321 (44.3%) 25 (47.2%)
. Median Age at Diagnosis (IQR) 12vrs (9-14.2) 12vrs (10-14) 12yrs (8-15) 10.25yrs (7-13.5)
Demographic e — . e == T
Cliscucherisiics 1° Familial Hx (Valid %a) 289 (14%) 215 (15.5%) 63 (10.2%) 11(21%)
Known Jewish Hentage (Valid o) 223 (9.6%) 161 (10.3%) 57 (8.1%) 5(9.8%)

(b) Specific disease characteristics of DC-CD and DC-UC discovery cohorts.

CD Patient Characteristics UC Patient Characteristics
Fibrostenotic 187 (15.7%) Extensive Disease 394 (T0%)
Disease Behaviour* Internally Penetrating 190 (15.9%) Disease Behaviour® Left-Sided Discase 168 (30%)
Isolated Small Bowel Disease (Valid %) 297 (20%)
Isolated Colonic Disease (Valid %) 402 (27.2%)
Anaiomic Location Small Bowel Colon Disease (Valid %) T69 (52%)
Any Perianal Disease’ (Valid %) 312(21.4%)

(c) Ethnic origins of our discovery cohort DC-IBD.

IBD Discovery
Cohort (DC-IBD)
Italy 322
Scotland 374
Canada 528
United States 1189
TOTAL 2413

L Family Hx details not available in 14% of cases

2 Jewish Heritage unknown in 4% of cases

7 cases had disease isolated to the upper tract, one case had disease isolated to the perianal region. Complete
disease location data unavailable in 10% of CD cases

+ Details of disease extent unavailable in 22% of UC cases

5. Details of perianal disease unavailable in 11% of CD cases

6. Details of disease behaviour at latest review unavailable in 27% of CD cases

Imielinski et al | 6
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Supplementary Table 2

Discovery cohort (DC-IBD) sizes and filtering

Kuthagasan et al’ Consortium All .
Controls
cD uc IBD D uc IBD D uc IBD
QC Filtered + Caucasian 647 317 1011 1241 548 1677 1887 835 2722 7315
Fiual Cohort 606 308 903 966 470 1510 1636 724 2413 6158

Nature Genetics: doi:10.1038/ng.489
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Supplementary Table 3

a) Novel genome wide significant (P<1 x 1077) and suggestive (P<1 x 10°°) CD loci identified in the
discovery GWA scan of early-onset CD patients (DC-CD). Since rs3180018 was not typed in the
IIBDGC study (RC2-CD), we assessed association in this dataset at a nearby SNP rs1052176 (fields
marked with a “*”).

Band MB Genes. SNP Al CD Discovery CHOP CO replication (RC1-CO) NBDGC replication (RCZ-CD) Replication
[n = 1636 / 6158) [n = 289 { 1696) in =531/ 4109) combined Tatal Combined
L A Unaff  OR P Al Unaff  OR ] Aff Uraff OR ] 2 13 2
16p103  ZSASJEM  LIT SLLTIAT SULTTAL EHFXC RIMETE] AT 200008 D30 03 135e13 OB 0% 035 1Sy Do% 035 033 1COPMTIT  00S 188 GETEO8 540
1922 1534615406 Cfefd CLKZ GEA HCND SCAMPI  mONB0018 AT TTEEQT 038 034 135]1 14138 010 0@ 038 iTparisn ot 026" 035 13RI 0412 oE 289E05 a8

b) Novel genome wide significant (P<I x 107) and suggestive (P<1 x 10®) UC loci identified in the
discovery GWA scan of early-onset UC patients (DC-UC).

Band MB Genes SNP All UC Discavery (DC-UC) CTHOP UC Replication (RC1-UC)
(=724 / 6158) (=120 / 1696) Total Combined
P Aff__ Unaff OR P At Unaf_OR P z
18q122 RN FHOD3, MOCOS rsT228238 CG 993E08 018 022 0,87 (0.58.0.78] 084 023 0.22 1.03 [0.78-1.41] 335E08 485
26373 241.21.241.42 CAPN1O, GPRIS, KIFTA, RNPEPL1 rs4876410 AT 1TCEOT 024 018 1.41[1.24.1.81] 008 028 0.20 1.34 [0.68-1.82] AB4E08 551
16q21 57.06-57.07 NORG4 rs16960173 AT SETEQT 034 028 134 [1.20-1.51] 058 028 0z7 1.09 [0.81-1.45] 254E06 470
10g25.3 115.17-115.28 HABP2. NRAP 812360212 AT 85507 030 0.24 1,35 [1.20-1.62) 0.5139 0.21 0.23 0.80 [0.65-1.24] 4 50E05 408

c) Novel genome wide significant (P<1 x 107) and suggestive (P<I x 10 ) IBD loci identified in the
combined discovery GWA scan of early onset IBD (DC-IBD).

Band ME Genes NP Al 18D Discovery CHOP IBD replication (RC1) WBDGC replication (RC2-CO) Roplication
in=2413 / 6158] [n = 482 [ 1696 {n =531/ 4109] combined Total Combined
P Afi__unatft OR P Al unalf OR P Aff unafi _oR P z P z
Squit I nsaE  ©G 12007 030 OM QAT 0% axm 93 RPN 03z 033 A OEEie 016 141 10708 A8
Wer1d  MT4IE8T ILIT SULTIAY, SULTIAZ BIF3C nAOIMN  CG 2MEQT 041 oW 130 1) 0% o4 0 108 [3.83-1.24) apone 042 03 1E[1A0130) 00018 an 241600 897
12233 BSISEENE SMADD WISMOMT ©O SMEQT O3 03 1301 0518 031 038 13[rEi4n] 03 037 a3 1oemeRIy 0024 2 15IEST 838
209122 ISTEINEE  HORMADI MTMRI LF NO4IETY AT DMEST 050 o4 118[1m113) 000S2  0S1 048 1I3[10614n oo 050 088 t1S[10L131) ISBEQ4 387 1BELE B8
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Supplementary Table 4

a) Novel genome wide significant (P<1 x 107) and suggestive (P<1 x 10°) putative CD loci identified
in the discovery GWA scan of early-onset CD patients (DC-CD) and their corresponding
significance (or that of a surrogate) in the previously published majority adult-onset CD meta

analysis.
Band MB Genes SNP CD Discovery CD meta analysis
{n = 1636 / 6158) (n=3230/4829)
P Aff  Unaff OR SNP P z
16p11.2 28.45-28 81 IL27, SULT1AT, SULT1A2 EIF3C rs 1968752 209E-08 039 034 1.25[1.16-1.36] rs4788084 0.0035 292
1922 153.46-154.06  Clon2, CLK2, GBA, HCN3, SCAMP3 (3180018 7.76E-07 0.28 024 1.25 [1.14-1,36] 151052176 0.020 233

b) Novel genome wide significant (P<1 x 107) and suggestive (P<1 x 10°°) putative IBD loci
identified in the discovery GWA scan of early-onset CD patients (DC-CD) and their corresponding
significance (or that of a surrogate) in the previously published majority adult-onset CD meta

analysis.

Band mB Genes SNP IBD Discovery CD meta analysis

(n=2413/6158) (n=3230/4829)

P Aff  Unaff OR SNP P Zz

8q24.21 128.25-128.28 rs2456449 126607 030 034 0.82 [0.77-0.89] 152456449 2.33E-01 119
16p11.2 28.45-28.81 IL27, SULT1AY, SULTIAZ EIF3C  rsBO48439  238E07 041 037 1.20 [1.12-1.28) 158049439 4.96E-03 2.81
15q22.33 65256526 SMADZ rs16950687 S5.24E-07 031 027 1.20 [1.12-1.29] 516950687 2.87E-02 2.19
22q12.2 28.75-28.86 HORMADZ, MTMR3, LIF rs2412873  9.14E-07 0.50 0.46 1.18[1.11-1.26) 152412873 9.53E-04 3.30
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Supplementary Table 5 49 previously identified known and putative adult-onset IBD loci examined
by our study evaluated in a meta analysis of our discovery (DC-CD, DC-UC, DC-IBD) and replication
(RC1, RC1-CD, RC1-UC) cohorts. This analysis did not include the IIBDGC dataset (RC2-CD) which
was a subset of the original majority-adult onset dataset which identified some of these loci. Filled circles
in the first four columns of the table specify whether the given row represents a known CD locus (CDk),
putative / nominal CD locus (CDp), known UC locus (UCk), and / or putative / nominal UC locus (UCp),
respectively. We validate 23 of 32 known adult-onset CD loci, 8 of 17 known adult-onset UC loci, and
overall 29 of 41 known and 5 of 10 putative adult-onset IBD loci in our early onset CD, UC, and IBD
datasets. Loci demonstrating Bonferronni-corrected P<0.05 are denoted in bold (corrected for 49
hypotheses). Our data also implicate several previously described CD loci as having association with UC
(bold italics). We also verify 2 nominally associating SNPs from the recent CD meta analysis (bold italics).

€Dk CDp UCKk UCp Band  MB Genes SHP CD (DC-CD, RC1-CD) Uc (DC-UC, RC1-UC) IBD (DC-IBD, RC1)

(n=1925/7854) (n =844 /7854) (n=2895/7854)
z

. - !p‘l.l 4043 PTGER4 r.ma'm B.98E-05 182 3.5&-0! 0.93 102604 389

. Sg3t1 13180 8.29E-01

Sq333 15878 WL 128, RNF145, UBLCPY rE10045431 2.63E-06 410 4.14E-07 5,06 4.38E-11 £.59

. €p21.32 3280 HLA-DRA reEs0E9S I.IISE-O! -2.55 4.1'0!4! -7.83 THEAD 616

- 6p25.1 510 LYRM4 rs12529168 3.72E-01 0.89 8.36E-01 0.21 5,00€-01 068

. 8q27 167.38 CCRE, FGFR1OP, GPR31. RNASET2 52301438 281E-03 3 7.05E-01 0.38 1.7TE-02 23

- 12915 €879 IL26, IL22, IFNG ra1558744 6.71E-03 27 9.60E-04 3.30 210E-04 am

. g1 1574 ref 73148 7.59E-06 -4.48 5.76E-01 -0.56 1.01E-05 449
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FIGURES

Supplementary Figure 1. LCL eQTL analysis of rs1968752. Comparison of the A/A
genotype and C/C genotype for rs1968752 in lymphoblastoid cell lines showed no allele-
specific gene expression changes for (A) EIF3C, (B) CCDC101, (C) CLN3, three genes
located near I1L-27 in the 16p11 locus, associated with Crohn’s disease in our study. We
did not assess allele specific gene expression of the two other genes in the LD block
(NUPR1 and SULT1A1), however these did not show allele-specific changes in gene
expression in a publicly available database®. Error bars represent s.e.m.
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Supplementary Figure 2. Colonic expression of 16p11 genes in CD, UC, and normal
patients. The LD block on 16p11 harboring rs1968752 and rs8049439 associates with
early onset CD and IBD in our analyses. We examined the expression of genes 1L27,
CCDC101, CLN3, EIF3C, NUPR1, SULT1A1, and SULT1A2 between 11 normal, 30
early-onset CD, 10 early-onset UC samples, using one-way analysis of variance with
Tukey-Kramer multiple-comparison correction and significance thresholds of P<0.05,
P<0.001, and P<0.0001.  Data for IL27, SULT1A1, and SULT1A2 are shown in Figure
2 and Figure 3 of the main body of the manuscript. We did not observe significant
colonic gene differences in CD vs normal for (a) EIF3C, (b) CLN3, (c) NUPR1, and (d)
CCDC101, however CLN3 showed a significant effect in UC vs normal (P<0.05). Error

bars represent s.e.m.
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Supplementary Figure 3. Colonic expression of 22q12 and 2937 candidate genes in
CD, UC, and normal patients. We examined colonic gene expression differences for
(a) HORMAD?2 (22q12), (b) LIF (22q12) (c) GPR35 (2q37) (d) KIF1A (2q37) (e)
RNPEPL1 (2q37). Error bars represent s.e.m.
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